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DISCLOSURE INFORMATION
Operation of an internal combustion engine with increas ingly higher levels of exhaust diluent, although almost inexorably having the effect of reducing emissions of oxides of nitrogen (NOx), may also cause the unwanted effect of in other words, the consistency of the pressure produced in the engine cylinder remains roughly the same throughout the range of operation as camshaft timing is retarded from base timing to the total 46 degrees. Experimental results achieved by the inventors indicate that up to a 70% reduction in feedgas NOX was achieved with a System according to the present invention. This is a remarkably unexpected result.
In essence, as Valve timing is progressively retarded, NOX is Suppressed because the residual exhaust fraction within the combustion chamber increases Substantially. Normally, however, this would cause misfire or uneven combustion with objectionable results. The unexpected result here is that the engine is able to tolerate the high residual fraction because the increase in charge motion compensates or counteracts the potential degradation in combustion quality. This increased charge motion is an important part of the present invention.
SUMMARY OF THE INVENTION
A reciprocating four-stroke cycle internal combustion engine has a cylinder block having at least one cylinder, a piston, a crankshaft, a connecting rod joining the piston and crankshaft, an intake manifold, and intake and exhaust poppet valves Servicing the cylinder. The engine also includes a cylinder head mounted upon the cylinder block So as to close the cylinder. The cylinder block has at least one intake port having a valve Seat for the intake Valve. A pilot mask Situated about the intake valve Seat and extending into the cylinder increases the angular momentum of the charge entering the engine cylinder. The camshaft is used to actuate the intake valve. A camshaft drive rotates the camshaft and adjusts the rotational timing of the camshaft with respect to the crankshaft. The camshaft has a base timing. Finally, a controller operates the camshaft drive So as to position the According to another aspect of the present invention, the controller operates the camshaft drive Such that at the base camshaft timing, the intake lift reaches approximately 80% of its maximum lift at the point of maximum piston Speed, whereas at the operating point characterized by maximum camshaft retard, as noted above, intake valve lift is only approximately equal to the pilot mask height at the point of maximum piston Speed. This means that the maximum intake valve lift will occur slightly after the point of maxi mum piston Speed.
An engine according to the present invention may further comprise a charge motion control valve operated by the controller to further modify the angular momentum of charge entering the cylinder. The charge motion control valve may be operated by the controller such that the valve is closed during operation at low loads and open during operation at medium to full engine loads.
The controller operates the camshaft drive such that the Valve timing is retarded by approximately 40 to 50 degrees from base timing whenever the intake valve lift approxi mates the mask height at the point of maximum piston Speed.
An engine according to the present invention may further comprise a fuel delivery System operated by the controller such that the engine will be furnished with sufficient fuel to achieve fuel lean combustion during normal operating con ditions and Stoichiometric combustion during regeneration of a NOx trap associated with the engine. The controller may operate the camshaft drive Such that once the camshaft timing has been established at a particular engine speed and load, the camshaft timing will be maintained at approxi mately a constant value during both lean and Stoichiometric combustion.
According to yet another aspect of the present invention, a Single camshaft may be employed for the purpose of operating both the intake and exhaust valves of a given cylinder.
It is an advantage of the present invention that NOX, unburned hydrocarbons, and carbon monoxide may simul taneously be controlled while at the Same time producing acceptable combustion quality and good fuel economy.
It is a further advantage of the present invention that fuel efficiency comparable to that produced with direct cylinder injection of gasoline may be achieved with port-type fuel injection.
Other features, objects and advantages of the present invention will become apparent to the reader of this speci Exhaust after-treatment device 30 may comprise either a NOX trap, a NOX catalyst, a three-way catalyst, a thermal reactor, or other type of emission control device known to those skilled in the art and Suggested by this disclosure. In the event that a NOX trap is used with an engine according to the present invention, the air/fuel ratio may be controlled from lean to Stoichiometric So as to provide improved fuel economy along with the capability of purging a NOX trap.
Flow of intake air and fuel into cylinder 14 is controlled by means of intake valve 32 which is operated by one of rocker arms 56, one of push rods 58, and camshaft 54. Those skilled in the art will appreciate in view of this disclosure that camshaft 54 could be mounted at any one of a variety of locations within engine 10. Moreover, roller finger fol lowerS or direct acting bucket tappets, or yet other types of Valve actuating equipment could be employed with a System according to the present invention. Further, two camshafts could be employed, with one camshaft actuating the intake Valves and a Second camshaft actuating the exhaust valves.
Camshaft drive 62, which is operated by controller 64, rotates camshaft 54 and adjusts the rotational timing of camshaft 54 with respect to crankshaft 18. Camshaft 54 has a base timing at which 80% of the maximum lift of intake Valve 32 occurs at approximately the point of maximum piston Speed. This relationship between intake valve lift and piston Speed will be explored further in connection with FIG. 3. Controller 64, which is drawn from the class of controllers well known to those skilled in the art of electronic engine controls, receives a variety of inputS Such as from manifold absolute pressure Sensor 44. Controller 64 operates camshaft drive 62 and charge motion control valve 42 so as to allow a high level of residual exhaust fraction in the combustion chamber defined by piston 16 and cylinder head 22, coupled with acceptable combustion stability. FIG.3 shows why this is possible . FIG.3 is a plot of base camshaft timing, retarded camshaft timing, and piston Speed, all against crank angle. When the engine is operating at base timing, the intake valve lift is matched with mask height prior to the point at which speed of the piston 16 reaches its maximum level. However, valve 32 matches the height of pilot mask 48, (shown in FIGS. 2 and 9-11), only slightly after piston 16 has reached its maximum speed. This causes a large amount of the air passing in the cylinder to be forced to a higher angular momentum by virtue of pilot mask 48.
Mask 48 is said to be a pilot mask because the height of the mask is only about 30-40% of the total lift of intake valve 32. This is beneficial because mask 48 will not significantly restrict the flow of fresh charge into cylinder 14 when engine 10 is operated with camshaft 54 in the normal or base timing position. This is shown in FIG. 3 because, as noted above, intake valve 32 will open past the point at which it is masked prior to the time at which piston 16 reaches maximum Velocity.
As shown in FIG. 2 necessary to obtain the highest output from the engine. As a result it is possible to employ the pilot mask and, if desired, CMCV 42 for even greater charge motion control, say at idle and very light load. At higher outputs, CMCV 42 will be opened and camshaft timing eventually moved to its base position So that pilot mask 48 ceases to have a significant effect upon flow entering cylinder 14. Controller 64 will operate fuel injectors 50 such that the engine may be furnished with Sufficient fuel to achieve fuel-lean combustion during normal operating conditions and Stoichiometric combustion during regeneration of NOX trap 30 associated with engine 10.
Controller 64 operates camshaft drive 62 so that once the timing of camshaft 54 has been established at any particular engine Speed and load, timing of camshaft 54 will be maintained at approximately a constant value during both lean and Stoichiometric combustion.
While the invention has been shown and described in its preferred embodiments, it will be clear to those skilled in the arts to which it pertains that many changes and modifica tions may be made thereto without departing from the Scope of the invention. What is claimed is:
1. A reciprocating four-stroke cycle internal combustion engine having a cylinder block with at least one cylinder, a piston, a crankshaft, a connecting rod joining the piston and the crankshaft, an intake manifold, and intake and exhaust poppet valves Servicing the cylinder, with Said engine fur ther comprising:
